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Background

EffCS, estimated using a Gregory plot 

and abrupt-4xCO2 experiments.

Model EffCS (K)

HadGEM2 4.4

HadGEM3-GC2.0 3.2

HadGEM3-GC3.1 5.5

Large fraction of EffCS increase between 

GC2.0 and GC3.1 driven by atmospheric 

feedbacks.

(Andrews et al, submitted)
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Experimental design



Model changes between

GA6 and GA7
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Package: collection of changes that 

are logically related.

Experiments:

• amip and amip-p4K

• 1979/01 – 1989/12 (11 yr) and 

1979/01 – 2014/12 (36 yr)

• N96L85

• 30+ experiments

• 1000+ years of simulations

Packages

Convection

Radiation

Microphysics and L-S precipitation

Cloud

Boundary layer

Dynamics

Gravity wave drag

Stochastic physics

Aerosols

Effective Radiative Forcing

Land surface
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Package testing







Microphysics

• New mixed-phase cloud scheme

• Changes to warm rain microphysics

• Upgrades to McICA

Aerosol + Erf

• UKCA-MODE: new aerosol scheme

• Scaling of DMS to account for marine organic

• Cloud droplet spectral dispersion

• Tuning of mixed-phase scheme



Controls of feedback differences



• Contributions from amount 

and optical depth (1:2).

• Larger contribution from 30oS-

50oS.

• CF feedback change much 

weaker in 50oS-70oS.

• Optical depth feedback 

changes partition quite similar 

in both regions. Mic_On

slightly stronger in 50oS-70oS.

APRP method
(Taylor et al., JClim, 2007)



Separating DLWP & DReff contributions



50oS – 70oSAer_On

suppresses 

reff feedback

From reduction to 

increase in reff with 

warming

Smaller climatological 

reff in GA7.1



Aerosol-

cloud 

interaction
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Summary
• Changes in midlatitude cloud feedbacks explain the differences 

between GA6.0 and GA7.1.

• The new aerosol and mixed-phase schemes are responsible for most 

of the feedback differences.

• Aerosol acts through reff, and mixed-phase through LWP. Both the 

climatology and the response matter.
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Future work

More work needed to assess the realism of midlatitude feedbacks using 

observational sensitivities, i.e. response to cloud-controlling factors (Myers and 

Norris, 2016).

• Strong CF feedback in lower midlatitudes, is it realistic?

• Phase-change feedback in higher midlatitudes

• Aerosol-cloud interactions

Improved observations of (climatology and variability):

• Supercooled liquid clouds

• t: LWP, CDNC and effective radius


